Climate change affects peatlands directly through increased air temperatures and indirectly through changes in water-table level (WL). The interactions of these two still remain poorly known. We determined experimentally the separate and interactive effects of temperature and WL regime on factors of relevance for the inputs to the carbon cycle: plant community composition, phenology, biomass production, and shoot:root allocation in two wet boreal sedge-dominated fens, "southern" at 62°N and 
| INTRODUCTION
Peatlands represent a globally significant carbon (C) store, around 600 Gt (Page, Rieley, & Banks, 2011) , with the estimate increasing when "new" peatland areas are found and mapped in, for example, South America (Draper et al., 2014) and Africa (Dargie et al., 2017) .
Long-term stability of the peatland C store is dependent on the slow decomposition rate in the largely anoxic conditions found below the high water level (WL), as well as continued C inputs through primary production and litter inputs of the plant communities. The efficiency of the C sink is controlled by plant phenology (Kross et al., 2014; Peichl, Sonnentag, & Nilsson, 2015) , which determines the structure of the photosynthetically active canopy as well as the relative biomass production aboveground (aerobic, high decomposition rate) and belowground (anaerobic, low decomposition rate). In a changing climate, the capability of peatland plant communities to maintain their role in the C sink plays an important role in the cycling of global atmospheric C (Wu & Roulet, 2014) .
Around 4 million km 2 of peatlands, with a peat C stock of 500 AE 100 Gt (Yu, 2012) , are found in northern latitudes, where future-climate models predict an increase in mean annual temperature (IPCC 2013) . Recent studies also predict increasing precipitation (Arzhanov, Eliseev, & Mokhov, 2012; Monier, Sokolov, Schlosser, Scott, & Gao, 2013 ) that may be realized later than the warming (Monier et al., 2013) . Summer precipitation could increase or decrease depending on region (Roshydromet 2014; Screen, 2013) and warming as such may bring about a water-level drawdown (WLD) in peatlands (Gorham, 1991; Roulet, Moore, Bubier, & Lafleur, 1992) . Therefore, when studying the response of northern peatlands to a changing climate, one should consider the response of warming under both wet and drier regimes.
Temperature (T) regulates plant processes such as photosynthesis, phenology, and resource partitioning, at a variety of timescales (Arft et al., 1999; Poorter et al., 2012; Schulze, Beck, & M€ ullerHohenstein, 2005 ). Higher T increases plant enzyme production, which may lead to increased CO 2 fixation, photosynthetic efficiency, leaf area maximum, and biomass production (Schulze et al., 2005) . A higher T can also increase the autotrophic respiration rate to the point where it exceeds photosynthesis, thus leading to decreased biomass production and lower net ecosystem exchange (Gerdol, Bragazza, & Brancaleoni, 2008) . The optimum T for photosynthesis in peatland plants varies among species and plant functional types (PFTs) . These different optima may affect the response of PFTs to increased T; for example, sedges with higher optima are likely to have a competitive advantage over Sphagnum mosses and dwarf shrubs with lower optima. Higher T may also affect plant phenology through earlier leaf emergence in spring (Arft et al., 1999) , an earlier date at which leaf area maximum is reached (Arft et al., 1999; Chivers, Turetsky, Waddington, Harden, & McGuire, 2009; Stenstr€ om & J onsd ottir, 1997) and lengthening of the active growth period (Arft et al., 1999) . Changes in allocation patterns related to T increase are more complex, for example, while increased T alone may lead to enhanced root growth (Gill & Jackson, 2000) , the consequent increase in nutrient mineralization and availability to plants (Chapin, Shaver, Giblin, Nadelhoffer, & Laundre, 1995; Hartley, Neill, Melillo, Crabtree, & Bowles, 1999) suggests less root tissue may be required (Poorter et al., 2012) .
The impacts of increased T may be modulated by changes in WL and soil moisture level Elmendorf et al., 2012) .
Since anoxia created by a high WL is the main determinant of the peatland ecosystem, a change in WL as such will affect vegetation processes (Blodau, Basiliko, & Moore, 2004; Laine, Vasander, & Laiho, 1995; Riutta et al., 2007; Strack, Waddington, Rochefort, & Tuittila, 2006a; Strack, Waddington, & Tuittila, 2004 ; Strakov a, Penttil€ a, Laine, & Laiho, 2012 (Justin & Armstrong, 1987; Saarinen, 1996; Visser, B€ ogemann, van de Steeg, Pierik, & Blom, 2000) . After WLD, the competitive edge of the different PFTs may alter due to their different adaptations. Shrubs and hummock mosses that are already adapted to drier hummock conditions get an advantage over sedges, herbs, and lawn and hollow mosses Rydin & McDonald, 1985) .
Changes in PFT composition are likely to shape the belowground production and root:shoot ratio. Until now, however, the combined effects of warming and WL on peatland plant phenology and biomass production and allocation remain poorly understood.
Ecosystem-level experiments are often based on a single-study site due to logistics and limited resources. Syntheses done on the extensive warming experiments in arctic tundra ecosystems have shown that a large number of sites is needed before any consistent patterns can be distinguished from site-specific variation (e.g., Elmendorf et al., 2012) . Overall, warming experiments in peatlands, and wetlands in general, outside of the arctic zone are still scarce (Chivers et al., 2009; Cornelius, Heinichen, Dr€ osler, & Menzel, 2014; Jassey, Chiapusio, Gilbert, Toussaint, & Binet, 2012; Walker, Ward, Ostle, & Bardgett, 2015; Wiedermann, Nordin, Gunnarsson, Nilsson, & Ericson, 2007) and it remains difficult to determine the generality of conclusions. The number of replicates can be increased through mesocosm studies (Updegraff, Bridgham, Pastor, Weishampel, & Harth, 2001; Weltzin, Bridgham, Pastor, Chen, & Harth, 2003) fens with forbs such as Menyanthes trifoliata and Equisetum fluviatile and abundant Sphagnum moss in the lower layer (mostly S. flexuosum and S. papillosum in the southern fen, and S. fallax in the northern fen).
The sites and the experimental setup (Figure 1 ) that followed a splitplot design have been described in detail by Peltoniemi et al. (2015 Peltoniemi et al. ( , 2016 under increased precipitation. Since the surface position of these sites changes according to changes in water storage and gas content in the peat, the water levels are not likely to become clearly higher, especially if the surface is floating as is often the case in wet fens (Reeve, Glaser, & Rosenberry, 2013; Roulet, 1991; Strack, Kellner, & Waddington, 2006b 
| Plant community composition
The projection cover of each species was estimated on each perma- F I G U R E 1 Schematic representation of the experimental setup. The split-plot design was similar for both experimental sites. The hydrological factor was controlled across whole plots: "wet" represents the ambient water-level conditions, whereas in the "dry" plot, water level was moderately lowered by a shallow ditch. Subplots were established in three replicates within the whole plots. These plot groups formed plot pairs with warming treatment (OTC, hexagons) and ambient air temperature conditions (Ambient T, squares), for both aboveground leaf area monitoring (A) and belowground biomass production (B). The size of the A plots was 56 9 56 cm = 0. follows an asymmetric peak function with a rapid increase to the maximum followed by a more gradual decline (Wilson et al., 2007) .
The pattern can be described with a log-normal unimodal function with parameters for maximum leaf area (LMAX pki ), timing of maximum leaf area (DMAX pki ), and length of the growing period (G pki ; Figure 2 ). To quantify the treatment impacts on these three parameters, we used a nonlinear mixed effects model with a log-normal function, where warming (OTC k ), WLD (DRY p ), experimental site (SITE p ), and their interactions linearly defined the parameter values: separately. The estimated parameters were LMAX pki , DMAX pki , and G pki . A constant (C) was applied for total LAI and for evergreen shrubs as their values never fall to zero during the wintertime. An appropriate value of C was obtained using a grid search and likelihood comparison because it could not be estimated successfully. 
These submodels were included in Equation (1). The linear predictor in each submodel was written through an exponential transformation to ensure positive values for the parameters and a stable estimation procedure. Measurements from the ambient-wet plots of both sites were used as a reference to which the treatments were compared. Normally distributed random effects modeled the variability that was not explained by the fixed effects, and simultaneously took into account the dependence due to grouping in the data.
Parameters b p , b pk , and b pki at the end of the models are those random effects for permanent measurement plot k, plot pair p, and year i. The final models and parameter estimates are presented in Supplementary Data 3. The computations were done using the NLME package of R (Pinheiro & Bates, 2000 , R Core Team 2016 .
We will report all model parameters and their approximate confidence intervals regardless of their statistical significance. We find this better justified than reporting only significant effects because the number of replicates per treatment is low due to high measurement costs per replicate. Therefore, very high and practically mean- To estimate moss biomass production, plastic nets (sample area 10 9 10 cm, mesh size 2 9 3 cm) were anchored on top of the moss layer in the same plots where LAI was monitored (A; Figure 1 ). After 1 year, the coverage of the mosses in the sample area was estimated, the moss that had grown through the net was trimmed, and the mean stem length and mass of the trimmed moss was determined. These data were used to estimate moss production per unit area (g year À1 m À2 of moss) following Laine, Juurola, H ajek, and Tuittila (2011) , and generalized to total moss production in the entire A plots using the moss coverages of the community composition data.
| Belowground biomass production (BGBP)
Belowground biomass production data are from R. Bhuiyan, P. Strakov a, P. M€ akiranta, T. Penttil€ a, H. Fritze, K. Minkkinen, K.-S.
Tuittila, and R. Laiho (under preparation), who will provide a more detailed examination. A subset of their data that best matches our aboveground data are used in our analyses. For the purposes of this study, two root ingrowth cores (Laiho et al., 2014) were installed in each BGBP plot (Figure 1 , B plots) in autumn 2010. They were filled with deep-horizon sedge (Carex) peat to exclude the possibility of having fresh live root remains in the substrate, and incubated for 2 years. After recovery, each core was cut into six 10 cm segments starting from the surface and treated as in Laiho et al. (2014) . The root biomass found inside the cores represented fine root production over two growing seasons. The annual production was calculated by dividing this value by two.
The treatment effects on BGBP and its depth distribution between surface (0-10 cm) and deeper peat layers (10-60 cm) were tested using Repeated Measures Analysis of Variance. Warming, WLD, and site were the between-subjects (grouping) factors, and depth was the within-subjects (repeated) factor. Since there was considerable departure from sphericity in all cases and values of the epsilon test statistic were always smaller than 0.75, the Greenhouse-Geisser correction was applied in the interpretation of the F-ratios.
The composition (relative abundance of PFTs) of the BGBP was estimated with infrared spectroscopy and multivariate modeling.
Roots separated from the cores were powdered and combined from the two replicate cores when necessary (10-60 cm layer) to provide sufficient material for infrared spectroscopy that was done as in Laiho et al. (2014) . The relative abundance of each PFT in the root samples was estimated using calibration models developed by our research group (Ilola, 2009; Launiainen, 2011 , P. Strakov a, N. Ilola, P. Launiainen, J. Andrés Jim enez, T. Penttil€ a, & R. Laiho, unpublished) . Briefly, an extensive dataset of more than a thousand composite root samples, which included different plant species in known amounts, was used to determine the infrared spectra of the samples.
Calibration models relating the species-specific mass proportions to the spectra were constructed. These calibration models were used to estimate species composition of the samples from this study using their infrared spectra only. The modeling and estimation were done using the Unscrambler software.
3 | RESULTS
| Vegetation composition
Experimental site and the effects of warming and WL regime explained altogether 64% of the total variation in plant species abundances (Figure 3 , Tables S5 and S6 in Supplementary Data 4).
Experimental site alone (warming and WL regime as covariables) also explained 48% of the total variation indicating that the two sites differed in the composition of their plant communities. No significant warming effect alone was observed. The effect of WLD alone was significant and explained 16% of the total variation in plant species abundances. Shrubs, especially Betula nana and Vaccinium oxycoccos, tree seedlings, Trichophorum cespitosum and Sphagnum subnitens had higher cover in the dry plots (Figure 3 , Table S5 and Fig. S4 Fig. S5 ). Tree seedlings were included in shrubs in the following analyses.
| Vegetation phenology
Warming did not affect the total maximum leaf area (LMAX) significantly in either wet or dry conditions (Table S4 in Supplementary Data 3, Figure 4 ). Both sites showed a slight but non-significant decline in total LMAX after warming under both wet and dry conditions ( Figure 4) . The most obvious decline in total LMAX (35% decline, p = .016) was observed in dry conditions without warming.
Of the individual PFTs, sedges showed non-significant patterns, similarly to total LAI. Interestingly, the significant decline in sedge LMAX following drying without warming (35% decline, p = .035) was not observed when warming was included. Evergreen shrub and forb LMAX seemed to respond most strongly to WLD, irrespective of warming ( Figure 4) . In dry conditions, LMAX of evergreen shrubs increased (p < .001) and the LMAX of forbs declined (p < .001).
Warming did not affect the timing of total maximum leaf area (DMAX). Our model indicated that of the individual PFTs, forbs were the most sensitive to warming (Table S4 in Supplementary Data 3).
In the southern fen, warming accelerated the date of DMAX of forbs by 4 days (p = .040), whereas in the northern fen warming delayed DMAX by 6 days (p = .009). There was also some indication that warming could accelerate the timing of DMAX of deciduous shrubs and delay that of evergreen shrubs (Figure 4) . However, the variation between the measurement plots was so high that these differences were not statistically significant.
The length of the growing period of the total leaf area (G) increased in dry conditions (Figure 4) . Drying as such caused G to be 1.23 times longer and the impact did not depend on warming. The longer growing period was partly related to an increase in the proportion of shrubs that replaced the forbs under the drier conditions, as shrubs grew for longer than forbs, and partly to the observed longer G of sedges (p = .006) in dry conditions. In the southern fen, no response in G related to warming in wet conditions was F I G U R E 3 Results of redundancy analysis showing variation in the projection cover of plant species as related to site (southern versus northern fen, diamonds), water-level regime (wet versus dry conditions, squares), and warming treatment (OTC = warmed versus ambient air temperature, triangles). The extent to which these factors and plant species are influencing the analysis is indicated by the distance of their centroids and trajectories from the origin. The label PiceAbi that should be next to JuncSty was removed for improved clarity. T A B L E 1 Projection cover (%) of plant functional types in the permanent measurement plots A (Figure 1 ): mean AE SD (n = 3 plots per treatment) for shrubs, sedges, forbs, mosses, and tree seedlings. W denotes the warming treatment Table S4 in Supplementary  Data 3 observed, whereas in the northern fen the model indicated a 10% increase (confidence limits 2%-19%). Of the different PFTs, forb G was the most sensitive to warming. In the southern fen warming led to a 1.25 times longer forb G (p = .004) than in ambient conditions.
In the northern fen, such a response was not observed.
| Biomass production and allocation
Warming Total biomass production including both below-and aboveground production varied from 250 to 520 g/m 2 and was higher in the southern fen ( Figure 5 ). This was mainly due to higher moss production and BGBP in the southern fen. Summing up the responses of the different vegetation components reviewed above led to decreased total biomass production following WLD in the southern fen, but increased total biomass production in the northern fen (Table S7 in Supplementary Data 6). The proportion of BGBP of total vascular biomass production in the southern fen varied from 63% in wet to 55% in drained plots. In the wet area of the northern fen, the proportion of BGBP of total vascular biomass production was only 25%, whereas WLD increased the proportion to 49%.
| DISCUSSION
Our results indicate that, against our hypotheses, moderate warming under wet conditions has negligible effects on plant productivity, phenology, and community composition in boreal sedge fens. This suggests that if climate change can be mitigated, the plant communities of these peatlands should continue functioning as they do currently. Most likely, the high water levels dampen the warming impacts that could otherwise be logically expected. In contrast, clear changes were observed following water-level drawdown (WLD), irrespective of warming. Thus, WLD is likely to be in the nearest future a stronger driver of plant community composition and biomass production than warming as such. Yet, while the relative contributions of several PFTs were altered by WLD, total AGBP and BGBP remained unchanged. The decreased AGBP of forbs and mosses was compensated by the increased AGBP of shrubs. No significant change in the biomass production of sedges was observed after the WLD that, while being moderate, was quite realistic. This is an important finding since sedges are the most characteristic PFT in these sites and play important roles in their functioning (e.g., Riutta et al., 2007; Saarinen, 1996) . Yet, sedges have so far received little attention as compared to their major role in C sequestration in fentype peatlands.
While sedges were little affected, WLD clearly lowered the competitive edge of forbs as compared to shrubs, based on AGBP. For some shrubs such as Betula nana that can be found at the lawn level, a slight lowering of WL may be enough. The more substantial the WLD, the more shrubs can inhabit lower surfaces and compete more F I G U R E 5 Biomass production, g m À2 year
À1
, aboveground (AG) and belowground (BG) at depth ranges of 0-10 cm and 10-60 cm from the mire surface, by plant functional types. The values of warmed and unwarmed measurement plots were pooled since there were no significant warming effects on biomass production. The values and their standard deviations are listed in Table S7 in Supplementary Data 6 aggressively with resident forbs. Under WLD conditions, the nutrient input to the fen with minerogenic waters is reduced, and increased microbial immobilization may further decrease the availability of nutrients (Macrae, Devito, Strack, & Waddington, 2013) . These processes may further favor shrubs that are more tolerant to low-nutrient conditions than forbs (Bedford, Walbridge, & Aldous, 1999 ).
An increase in shrub cover may in turn facilitate tree encroachment (Holmgren et al., 2015) , which can reshape the ecosystem quite fundamentally (e.g., Ratcliffe et al., 2017) and have feedback to climate forcing by changes in C fluxes (Strakov a et al., 2010 (Strakov a et al., , 2012 and albedo (Chapin et al., 2005) . In our sites, WLD had induced a patchy secondary succession that was especially clear on the southern fen. The advancement of shrubs was still modest, and there were no clear signs of tree encroachment. During our measurements, three to five growing seasons had passed since the onset of warming and WLD, and the vegetation responses may still reflect a transient situation, and could show increasing effect sizes with more time passing (Elmendorf et al., 2012; Wiedermann et al., 2007) . In the long term, it is critical whether the extent of WLD will be enough to lead to tree encroachment and forest succession (e.g., Bridge, Haggart, & Lowe, 1990; Pasquet, Pellerin, & Poulin, 2015; Pellerin & Lavoie, 2003) . In such case, the ecosystem structure and biomass production would still evolve profoundly over time (Laiho, Vasander, Penttil€ a, & Laine, 2003) , as species adapted to drier conditions become increasingly dominant and the ecosystem reaches a new equilibrium with the new WL regime. Another possible trajectory brought about by WLD may be ombrotrophication, transition toward a bog system, which is a common autogenic successional pathway also if a fen grows in peat deposit thickness above a certain threshold relative to its minerogenic water sources (Tahvanainen, 2011) .
The change in plant community composition following WLD also clearly affected the phenology of the total leaf area. The increased abundance of shrubs and the decline of forbs contributed to a prolonged growing period, as shrubs start growing earlier and continue later than forbs. Similar patterns have been observed in other studies dealing with WLD . This result shows that even if individual plants or PFTs are not able to adapt to new conditions following environmental change, that does not mean that the ecosystem as a whole is incapable of responding. It appears that the ecosystem may maintain its functions in shifting environmental conditions by a change in community structure, given that a suitable diversity of species exists in situ and those species are compatible with the new environmental conditions (Turetsky et al., 2012) .
The fundamental importance of WL as an environmental determinant of leaf area and aboveground biomass production has been reported earlier (Chivers et al., 2009) . The sensitivity of Sphagnum mosses to WLD has also been demonstrated earlier as reduced coverage (Chivers et al., 2009; Riutta et al., 2007) , productivity (Weltzin et al., 2000) , and photosynthetic activity (Schipperges & Rydin, 1998) . This is especially true for species adapted to high WL (Wall en, Falkengren-Grerup, & Malmer, 1988) , which represent the dominant species in our study sites. The moss layer of the inherently slightly drier southern fen suffered more from WLD than mosses in the wetter northern fen. This may indicate that following WLD, the moss community in the southern fen was already approaching a tipping point, eventually leading to successional species turnover as an adaptation to the drier conditions (Kangas et al., 2014; Laine et al., 1995) , while this was not the case in the northern fen.
While, against the hypothesis, our statistical analyses failed to demonstrate a clear warming-WL interaction, we cannot yet logically conclude that there are none, since the WLD impacts were clear. Thus, the combination warming plus drying will logically have a different effect from that of warming in wet conditions. The strong impact of WLD may in fact have masked the interaction in a statistical sense, since the warming effect was relatively small and the two sites did not always show similar responses. In such a case, our models, where the number of observations for the treatment effects is in fact two, cannot be powerful in detecting interactive effects. Interestingly, there was also some indication that warming relieved some responses induced by WLD; for instance, sedge LMAX that declined significantly following WLD in unwarmed conditions, but not in warmed. Clearly, however, our study remains somewhat indecisive concerning the warming-WL interaction, and more sites should be investigated to increase the number of observations and estimation power. Also, the impacts might become stronger when the adaptation of the plant community has had more time to proceed.
If temperatures at high latitudes eventually rise more drastically than what our experiment covers (e.g., up to 8°C: IPCC 2013), an alternative response may be induced. An abrupt and persistent change to +8°C gave vascular plants a competitive advantage over Sphagnum in a fen mesocosm study, and might also lead to an unstable community structure as indicated by high variation among replicates (Dieleman et al., 2015) . Impacts on productivity have not yet been reported, but they may be expected to change if growing season temperatures increase beyond resident species optima, which would likely reduce productivity unless some adaptive mechanisms are activated. Such a mechanism that inhibits respiration in high temperatures is not known; a combination of low production and high respiration would seriously threaten the function of peatland ecosystems as C sinks. Generally, a shift in plant community structure may affect peatland ecosystem function profoundly, as PFTs vary with respect to their decomposition rate (Dorrepaal, Cornelissen, Aerts, Wallen, & van Logtestijn, 2005; Strakov a et al., 2012; Turetsky et al., 2012) , photosynthetic efficiency (Lepp€ al€ a, Kukko-Oja, Laine, & Tuittila, 2008; Ward, Bardgett, McNamara, & Ostle, 2009) , influence on CH 4 emissions (Joabsson & Christensen, 2001; Str€ om, Mastepanov, & Christensen, 2005) , and other factors that are expected to influence C cycling and storage (Ka stovsk a et al., 2017). Belowground production patterns are still little known but are of special interest in fens since litter inputs deep in anoxic peat by sedge roots may be critical for C sequestration (Saarinen, 1996) . While our results provide some first insights into responses of belowground production, high spatial variation cautions against making strong conclusions.
The PFT contributions are model-based estimates that we could not fully control. Yet, the models were based on samples from both our study sites, which lends our estimates credibility. ) of earlier studies of fen ecosystems (Bartsch & Moore, 1985; Laine et al., 2012; Saarinen, 1996; Sullivan, Arens, Chimner, & Welker, 2008; Thormann & Bayley, 1997; Weltzin et al., 2000) . Our estimates of BGBP (48-220 g m À2 year
) also fall within the range reported earlier (23-260 g m À2 year À1 ) (Bernard & Hankinson, 1979; Fin er & Laine, 2000; Sullivan et al., 2008; Weltzin et al., 2000) . These values indicate that 25%-65% of annual vascular plant production occurs belowground at our sites, which lies within the range (20%-70%) reported for peatland ecosystems (Bernard & Hankinson, 1979; Saarinen, 1996; Sullivan et al., 2008; Weltzin et al., 2000) . The lower BGBP and shoot versus root allocation in the wet areas of the northern fen probably reflect the slightly wetter conditions with a more steady input of relatively nutrient-rich water than in the southern fen. Generally, the differences in the response patterns of both plant and microbial (Peltoniemi et al., 2015 (Peltoniemi et al., , 2016 communities in our two boreal fens suggest that no generalizations should be made based on a small number of sites. This makes research on climate change responses quite challenging, since work on multiple sites during multiple years is required.
Ours is not the first in-situ warming experiment on peatlands; there are several others that have applied OTCs. However, the main foci in the earlier studies have largely been on greenhouse gas fluxes (e.g., Chivers et al., 2009; Dorrepaal et al., 2009 ) and soil processes (e.g., Delarue et al., 2015; Jassey et al., 2012) . Most in situ peatland warming experiments where vegetation responses have been considered (e.g., Dorrepaal, Aerts, Cornelissen, Callaghan, & van Logtestijn, 2004 Walker et al., 2015) have in fact taken place in ombrotrophic, nutrient-poor bogs, where Sphagnum mosses, and not sedges, are the plant group largely driving vegetation characteristics and ecosystem processes (Van Breemen, 1995) . The responses of fen vegetation to changing environmental conditions generally differ from those of bog vegetation (e.g., Weltzin et al., 2000 Weltzin et al., , 2003 . There is also growing evidence suggesting that fens are more vulnerable to climate change than bogs (Jaatinen, Fritze, Laine, & Laiho, 2007 Gong et al., 2013 Wu & Roulet, 2014 Wiedermann et al. (2007) in very poor fen after 9 years, which is largely in line with our results. Eriophorum vaginatum, which is often the dominant sedge in very poor fens, may, however, be more responsive to warming than the dominant Carex species of our nutrient-richer sites, increasing its biomass (Chapin & Shaver, 1996; Wiedermann et al., 2007) . Wiedermann et al. (2007) further pointed out that the impacts of their combined treatment of nitrogen addition and warming on vegetation emerged only after 9 years, and suggested that Sphagnum mosses may have buffered the impacts during the early years, which further emphasizes the differences between Sphagnum-and sedge-dominated sites.
Several tundra sites of the International Tundra Experiment (ITEX; e.g., Arft et al., 1999; Elmendorf et al., 2012; Oberbauer et al., 2013) share some of the plant species that were characteristic to our sites, such as Betula nana and Carex rostrata, and involved examination of both phenology and PFT abundance (biomass, cover), in some sites also productivity. Within ITEX, it was found that site wetness affected the response patterns (Elmendorf et al., 2012) , which supports our findings on the importance of the WL regime. Somewhat contrasting to our results, however, warming was found to have some of the clearest impacts on tundra sites that had moist to wet soils (Elmendorf et al., 2012) . These differing results point to the overriding influence of the high WL on plant-related processes in boreal sedge fens.
Our observation of the high resistance of sedge fens under wet conditions to warming is supported by peat analyses showing that in both our fens, a relatively stable sedge-dominated community has persisted over the Holocene, as evidenced by relatively homogeneous sedgepeat deposit (Laine et al., 2004; Mathijssen et al., 2014) . When the overriding influence of the high WL was persistently relieved just slightly, shrubs increased, and showed, albeit weakly, a positive response to warming, a pattern also observed in the relatively warmest tundra regions (Elmendorf et al., 2012) .
This was the first in-situ study examining the effects of warming under both wet and dry conditions on plant community composition, phenology, biomass production, and allocation in boreal peatlands, C-hotspots of our planet. Overall, moderate warming had negligible effects on plant productivity and community composition in wet, sedge-dominated fens, while water-level drawdown, with or without warming, was the more dominant control. An important finding was that moderate warming and moderate water-level drawdown did not decrease the biomass production of sedges that are the major plant functional type (PFT) in these fens. Our results further indicate that different PFTs will respond differently to changes in environmental variables related to climate change. The response of different PFTs to environmental change may be individually severe, but at the ecosystem level these changes can be canceled out by reciprocal responses of other species or PFTs. This allows peatland ecosystems to be rather flexible, responsive, and functionally resilient to the expected changes in climate.
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